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(57) ABSTRACT 

The invention discloses methods and control systems for 
controlling an electronically controllable brake actuating 
system for automotive vehicles, With a depressuriZed pres 
sure medium supply reservoir (4), With at least one pressure 
source (20) Which can be controlled by an electronic control 
unit (32), said pressure source being used to apply pressure 
to the Wheel brakes (7,8,9,10) of the vehicle, With pressure 
sensors and pressure control valves (inlet valve 17,18; outlet 
valve 27,28) being associated With said Wheel brakes, said 
pressure control valves being controllable in an analog 
manner by means of an electric variable in dependence on 
the differential pressure applied to them and connecting the 
Wheel brakes (7-10) to the pressure source (20) in a pressure 
increase phase, being closed or becoming closed in a pres 
sure maintenance phase and connecting the Wheel brakes 
(7-10) to the pressure medium supply reservoir (4) in a 
pressure reduction phase. 

To permit adapting the dependence betWeen the electric 
variable and the differential pressure to manufacture spread 
and aging effects, as Well as to changing environmental 
conditions, the present invention arranges for the electric 
variable in the pressure control valve (inlet valve 17, 18; 
outlet valve 27, 28) that is to be identi?ed to be sloWly varied 
in the pressure maintenance phase until a noticeable pressure 
change takes place in the Wheel brake (7, 8) associated With 
said pressure control valve (inlet valve 17, 18; outlet valve 
27, 28), Whereupon the dependence of the electric variable 
on the differential pressure is corrected. 
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METHOD AND CONTROL SYSTEM FOR 
CONTROLLING AN ELECTRONICALLY 

REGULATED BRAKE ACTUATING SYSTEM 

TECHNICAL FIELD 

[0001] The present invention relates to a method for 
controlling an electronically controllable brake actuating 
system for automotive vehicles. 

BACKGROUND OF THE INVENTION 

[0002] A brake actuating system of this type is disclosed 
in EP 0 832 019 B1. The pressure control valves allocated 
to the Wheel brakes in the prior art brake actuating system 
are con?gured as valves of a seat valve construction, 
arranged in pairs and being actuatable in an electromagnetic 
analog manner, and the inlet valves inserted in the connec 
tion betWeen the pressure source and the Wheel brakes are 
designed as normally closed seat valves that perform a 
pressure-limiting function in their closed sWitch position, 
While the outlet valves inserted in the connection betWeen 
the Wheel brakes and the pressure medium supply reservoir 
are designed as normally open valves that open the connec 
tion in their open sWitch position and shut it off in their 
closed sWitch position. 

[0003] HoWever, the above-mentioned publication does 
not indicate any measures that permit adapting the actuation 
characteristic curve of the pressure control valves to manu 
facture spread and aging effects as Well as to changing 
environmental conditions. 

BRIEF SUMMARY OF THE INVENTION 

[0004] Therefore, an object of the present invention is to 
disclose methods of actuating an electronically controllable 
brake actuating system of the type initially mentioned as 
Well as regulating systems that safeguard the constant qual 
ity of pressure control by permitting a reliable adaptation of 
the actuation characteristic curve of the pressure control 
valves to disturbing effects impairing the valves’ proper 
functioning. 

[0005] This object is achieved according to a ?rst method 
in that the electric variable in the pressure control valve 
(inlet valve; outlet valve) to be identi?ed is sloWly varied in 
the pressure maintenance phase until a noticeable pressure 
variation takes place in the Wheel brake associated With said 
pressure control valve, Whereupon the dependence of the 
electric variable on the differential pressure is corrected. 

[0006] To render the idea of the invention more speci?c, it 
is arranged for that the pressure control valves (inlet valve; 
outlet valve) are designed as valves that are closed in their 
inactive condition, and that the variation of the electric 
actuating variable is an increase based on a value that is 
beloW the value necessary for opening of the pressure 
control valve (inlet valve; outlet valve). 

[0007] Another alternative involves that the pressure con 
trol valves (outlet valves) used for pressure reduction are 
designed as valves that are open in their inactive condition, 
and that the variation of the electric actuation variable is a 
decrease based on a value that is above the value necessary 
for retaining the pressure control valve (outlet valve) in the 
closed condition. 
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[0008] It is especially appropriate that the variation of the 
electric variable occurs in de?ned driving situations, e.g. 
during vehicle standstill, in a de?ned range of vehicle speed, 
at a loW variation speed of a Wheel pressure nominal value, 
or a minimum duration of the pressure maintenance phase. 
The variation of the electric actuation variable is discontin 
ued When the difference betWeen nominal pressure and 
actual pressure leaves a predetermined tolerance range hav 
ing limits that are ?Xed in dependence on the vehicle speed. 

[0009] In another favorable feature of the present inven 
tion, the pressure control valves are designed as electromag 
netically controllable valves and the electric variable is an 
electric current being supplied to the electromagnetic drive, 
or the pressure control valves are con?gured as pieZoelec 
trically controllable valves and the electric variable is an 
electric voltage being supplied to the pieZoelectric drive. 

[0010] In a favorable aspect of the idea of the invention, 
the pressure variation in the Wheel brake associated With the 
pressure control valve during the variation of the electric 
variable is observed cyclically in a time WindoW, and the 
maXimum or minimum pressure value is detected in each 
case Which, in turn, is taken into account for determining a 
detection threshold for the pressure change at the outlet or 
inlet of the pressure control valve used for pressure increase 
or pressure reduction. 

[0011] With a pressure control valve used for pressure 
increase, a detection threshold E in the WindoW i is prefer 
ably de?ned according to the formula 

E=MaX(p)|WindoW(i-1)+E, 
[0012] Where E is a process parameter taking into account 
valve leakage and malfunctions of the pressure sensor 
sensing the pressure variation. 

[0013] Opening of the pressure control valve (inlet valve) 
is inferred When the pressure value at the outlet of the 
pressure control valve eXceeds the detection threshold at a 

time tdetect. 

[0014] In contrast thereto, With a pressure control valve 
used for pressure reduction, a detection threshold E in the 
WindoW i is de?ned according to the formula 

E=MaX(p)|WindoW (i-1)—E, 
[0015] Where E is a process parameter taking into account 
valve leakage and malfunctions of the pressure sensor 
sensing the pressure variation. 

[0016] Opening of the pressure control valve (outlet valve) 
is inferred When the pressure value at the inlet of the 
pressure control valve drops beloW the detection threshold at 
a time tdetect. 

[0017] In a favorable improvement of the method of the 
present invention, at time (tdetect), When the pressure value 
at the outlet of the pressure control valve (inlet valve) used 
for pressure increase or at the inlet of the pressure control 
valve (outlet valve) used for pressure reduction eXceeds or 
falls beloW the threshold valve, a point of time is calculated 
according to the formula 

treact=tdetect_1: 

[0018] Where '5 designates the offset in time betWeen the 
reaction of the pressure control valve caused by the actua 
tion and the detection of this reaction by Way of the change 
in pressure. 
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[0019] The offset in time is preferably determined in 
dependence on a signal characterizing the viscosity of the 
pressure medium. 

[0020] According to another favorable feature of the 
invention, the correction of the dependence of the actuating 
current I(Ap) on the differential pressure (Ap) is especially 
effected in electromagnetically controllable valves accord 
ing to the formula 

[0021] Where Ireact designates the actuating current value 
corresponding to the change in pressure in the Wheel brake 
associated with the pressure control valve at time (tread), 
I(Ap) designates the value of the dependence of the actu 
ating current IO(Ap) on the differential pressure (Ap) in the 
present operating point (Ap) before the correction (adaption) 
is carried out, and I(Ap)new designates the value of the 
dependence of the actuating current IO(Ap) on the differential 
pressure (Ap) after the correction (adaption) is carried out. 
The adaption rate A should then be selected from the interval 
(0, 1]. 
[0022] In pieZoelectrically controllable valves the correc 
tion of the dependence of the voltage UO(Ap) being applied 
on the differential pressure (Ap) is carried out according to 
the formula 

U(AP)‘“W= U(AP)°M' (1 -7~)+7~' U1 
[0023] Where Ureact designates the actuating voltage value 
corresponding to the change in pressure in the Wheel brake 
associated With the pressure control valve at time (tread), 
U(Ap) designates the value of the dependence of the 
actuating voltage U(Ap) on the differential pressure (Ap) in 
the present operating point (Ap) before the correction (adap 
tion) is carried out, and U(Ap)new designates the value of the 
dependence of the actuating voltage U(Ap) on the differen 
tial pressure (Ap) after the correction (adaption) is carried 
out, and the adaption rate A shall be selected from the 
interval (0, 1]. 
[0024] According to a second method, the objective pre 
sented hereinabove is achieved because the frequency of the 
actuation processes of the pressure control valve (inlet 
valve; outlet valve) is determined and taken into consider 
ation according to a nominal pressure variation to be con 
trolled in the Wheel brake for the correction or reduction of 
the dependence of the electric variable on the differential 
pressure. This method, Which is limited only to the reduction 
of the actuation characteristic curve, may also be used out of 
pressure maintenance phases. 

[0025] It is especially appropriate in this arrangement that 
the number of the actuation processes of the pressure control 
valve (outlet valve) used for pressure reduction is deter 
mined, With the nominal pressure variation rising or being 
constant, and an excessive actuation of the pressure control 
valve (inlet valve) used for pressure increase is inferred from 
the exceeding of a threshold value, or When the number of 
the actuation processes of the pressure control valve (inlet 
valve) used for pressure increase is determined, With the 
nominal pressure variation falling or being constant, and that 
an excessive actuation of the pressure control valve (outlet 
valve) used for pressure reduction is inferred from the 
exceeding of a threshold value. 

[0026] According to another favorable feature of the 
invention, the number found (Nred, N- ) is compared to a incr 

each 
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maximum alloWed numerical value (Nred’k, N 
produced according to the formula 

*) that is incr 

Where fB is a maximum alloWed actuation fre 
quency, and Tine, Tred designate the duration of the phase of 
rise or fall of the nominal pressure variation. An excessive 
actuation of the pressure control valve (inlet valve, outlet 
valve) used for pressure increase or reduction is inferred 
from the exceeding of the maximum alloWed numerical 
Value (Nred*> Nincr*)' 
[0028] Further favorable features of the second method of 
the invention can be taken from sub claims 26 to 29. 

[0029] Acontrol system of the invention for implementing 
the methods mentioned hereinabove is characteriZed in that 
there is provision of a pressure controller to Which are sent, 
as input quantities, a nominal pressure value that shall be 
applied to one of the Wheel brakes of the vehicle, an actual 
pressure value that is applied to one of the Wheel brakes of 
the vehicle, as Well as the hydraulic differential pressure 
value prevailing at the pressure control valve under revieW 
and having an output quantity that is the nominal value of 
the electric variable used to actuate the pressure control 
valve, and that there is provision of means for the correction 
(adaption) of the dependence on the electric variable on the 
differential pressure value. 

[0030] Further, it is especially favorable that the pressure 
controller comprises a linear controller, a pilot control 
module, and a correction module, and the deviation pro 
duced from the nominal pressure value and actual pressure 
value is sent to the linear controller as an input quantity, 
While a signal representative of the hydraulic differential 
pressure prevailing at the pressure control valve under 
revieW is sent to the pilot control module, With said pilot 
control module generating a pilot control value of the 
electric variable used to actuate the pressure control valve 
that corresponds to the opening point of the pressure control 
valve and is added to the output quantity of the linear 
controller for producing the nominal value of the electric 
variable used to actuate the pressure control valve, and With 
the actual pressure value and the differential pressure being 
sent as input quantities to the correction module, and its 
output quantity (K1,K2) in?uencing the performance of the 
pilot control module. 

[0031] The output quantity (K1) of the correction module 
is preferably de?ned as a difference: 

[0032] Where I(Ap)Old or U(Ap)Old designate the value of 
the dependence of the electric actuation variable I(Ap) or 
U(Ap) on the differential pressure (Ap) in the present oper 
ating point (Ap) before the correction (adaption) is carried 
out, and I(Ap)new or U(Ap)new designate the value of the 
dependence of the electric actuation variable I(Ap) or U(Ap) 
on the differential pressure (Ap) after the correction (adap 
tion) is carried out. 

[0033] Finally, it is arranged for in a control system for 
implementing the second method of the invention that the 
nominal pressure value (Pnom) is additionally sent as an 
input quantity to the correction module, and that its output 
quantity K2=—AT is derived from the comparison of the 
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determined number of the actuation processes (Nred, Nina) 
With a maximum allowed numerical value (Nred’k, incr , 
and the dependence of the electric variable is reduced When 
the maximum alloWed numerical value (Nred*,N *) is 
exceeded. 

incr 

BRIEF DESCRIPTION OF THE DRAWINGS 

[0034] FIG. 1 is a simpli?ed Wiring diagram of a brake 
actuating system Wherein the method of the invention can be 
implemented. 
[0035] FIG. 2 is a diagram illustrating the Wheel brake 
pressure variation for determining a threshold value for an 
electromagnetically operable pressure control valve used for 
pressure increase. 

[0036] FIG. 3 is a diagram illustrating the Wheel brake 
pressure variation for determining a threshold value for an 
electromagnetically operable pressure control valve used for 
pressure reduction. 

[0037] FIG. 4 shoWs the design of a pressure controller for 
implementing the ?rst mentioned method of the invention. 

[0038] FIG. 5 shoWs the design of a pressure controller for 
implementing the second mentioned method of the inven 
tion. 

[0039] FIG. 6 depicts the function of the pilot control 
module shoWn in FIG. 4. 

DETAILED DESCRIPTION OF THE 
PREFFERED EMBODIMENTS 

[0040] The electronically controllable brake actuating sys 
tem illustrated in FIG. 1 is composed of a dual-circuit 
master brake cylinder or tandem master cylinder 2, operable 
by means of an actuating pedal 1 and interacting With a pedal 
travel simulator 31, as Well as having tWo isolated pressure 
chambers connected to a depressuriZed pressure medium 
supply reservoir 4. Connected to the ?rst pressure chamber 
(primary pressure chamber) by Way of a closable ?rst 
hydraulic line 5 are Wheel brakes 7, 8 e. g. associated With the 
front axle. The line 5 is closed by means of a ?rst separating 
valve 11, While an electromagnetically operable, preferably 
normally open (NO) pressure compensation valve 13 is 
inserted in a line portion 12 interposed betWeen the Wheel 
brakes 7,8 and alloWs a braking pressure control on each 
individual Wheel in case of need. 

[0041] The second pressure chamber of the master brake 
cylinder 2, to Which a pressure sensor 15 may be connected, 
is connectable to the other pair of Wheel brakes 9, 10 
associated With the rear axle by means of a second hydraulic 
line 6 that can be closed by means of a second separating 
valve 14. Again an electromagnetically operable, normally 
open (NO) pressure compensation valve 19 is inserted into 
a line portion 16 disposed betWeen the Wheel brakes 9, 10. 
Since the design of the hydraulic circuit connected to the 
second pressure chamber of the master brake cylinder 2 is 
identical to the brake, circuit 11 explained in the above 
description, it need not be explained in the folloWing text. 

[0042] As can further be taken from the draWings, there is 
provision of a motor-and-pump assembly 20 With a high 
pressure accumulator 21, serving as an independent pressure 
source and being in turn comprised of a pump 23, driven by 
means of an electric motor 22 and a pressure limiting valve 
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24 connected in parallel to pump 23. The suction side of 
pump 23 is connected to the above-mentioned pressure 
medium reservoir 4 by Way of a pressure-limiting valve 24. 
The hydraulic pressure generated by the pump 23 is moni 
tored by a pressure sensor (not shoWn) or determined by 
estimation. 

[0043] A third hydraulic line 26 connects the high-pres 
sure accumulator 21 With the inlet ports of tWo normally 
closed tWo-Way/tWo-position directional control valves 17, 
18 actuatable electromagnetically in an analog manner and 
preceding, as inlet valves, the Wheel brakes 7 and 8. Besides, 
the Wheel brakes 7, 8 are connected to a fourth hydraulic line 
29 by Way of each one normally closed tWo-Way/tWo 
position directional control valve or outlet valve 27, 28 that 
can be actuated electromagnetically in an analog manner, 
said line 29 being connected to the depressuriZed pressure 
medium supply reservoir 4, on the other hand. The hydraulic 
pressure prevailing in Wheel brakes 7, 8 is determined With 
the aid of each one pressure sensor 30, 31. 

[0044] For the joint actuation of the motor-and-pump 
assembly 20 and of the electromagnetic valves 11,13,14,17, 
18,19,27,28 an electronic control unit 32 is used to Which are 
sent, as input signals, the output signals of an actuating 
travel sensor 33 cooperating With the actuating pedal 1 and 
of the above-mentioned pressure sensor 15, said signals 
rendering it possible to detect the driver’s deceleration Wish. 
HoWever, other means, for example, a force sensor sensing 
the actuating force at the actuating pedal 1, may also be used 
for the detection of the driver’s deceleration Wish. As further 
input quantities, the output signals of the pressure sensors 
30, 31 as Well the output signals representative of the speed 
of the vehicle from Wheel sensors (shoWn only schemati 
cally) are sent as further input quantities to the electronic 
control unit 32, With the Wheel sensors associated With the 
Wheel brakes 7, 8 being designated by reference numerals 
34, 35. 

[0045] It is generally knoWn that the electric variable used 
for the actuation of the above-mentioned inlet valves 17, 18 
and outlet valves 27, 28, meaning the electric current in the 
embodiment shoWn, is dependent on the hydraulic differen 
tial pressure applied to the pressure control valve that shall 
be identi?ed, said pressure being referred to by Ap in the 
folloWing text. 

[0046] The methods according to the invention are used to 
adapt the dependence betWeen the electric current and the 
differential pressure, the so-called actuation characteristic 
curve of the pressure control valves, to disturbing effects 
such as manufacture spread and aging effects as Well as 
changing environmental conditions, and implementation of 
the methods is explained in the folloWing text With reference 
to FIGS. 2 to 6. It must be taken into consideration that the 
?rst method is applicable only during the so-called pressure 
maintenance phase Where all of the pressure control valves 
17, 18, 27, 28 are closed or become closed. It is assumed 
that, as has been described hereinabove, all pressure control 
valves 17, 18, 27, 28 are con?gured as normally closed 
tWo-Way/tWo-position directional control valves Which are 
actuatable in an analog manner by means of an electromag 
netic drive. Accordingly, the actuation characteristic curve 
of the valves, i.e., the dependence of the electric current 
being supplied to the electromagnetic drive on the hydraulic 
differential pressure Ap applied to the inlet valve 17, 18 or 
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outlet valve 27, 28 (Which dependence is stored in the 
above-mentioned electronic control unit 32) is corrected or 
adapted as follows: 

[0047] For each pressure control valve to be identi?ed, 
such as inlet valve 17 (FIG. 1), the pressure variation p(t) in 
the Wheel brake 7 associated With this inlet valve 17 is 
monitored cyclically in a time WindoW TW (cf. FIG. 2) by 
means of pressure sensor 30, and the maximum signal value 
is respectively determined in this interval. Aprocess param 
eter E is added to the maximum value determined, said 
parameter taking into account a leakage that may occur at 
valve 17 as Well as malfunctions of the pressure sensor 30. 
This permits de?ning threshold values E1, E2, E3 . . . in the 
individual time WindoWs i (i=0,1,2,3, . . . ) according to the 
folloWing formula: 

[0048] It shall noW be assumed that at time tO (cf. FIG. 2) 
a de?ned driving situation (e. g. vehicle standstill) occurs and 
a pressure maintenance phase (Ap=0) is detected. At this 
time the electromagnetic drive of the inlet valve 17 is 
energiZed and the current IOn sloWly increased, With the 
pressure variation being compared With the above-men 
tioned determined threshold value E1, E2, E3 . . . in each time 
WindoW 1,2,3, . . . When the threshold value E3 (in time 
WindoW 3) is exceeded during actuation of the inlet valve 17 
at time tdetect, a change in pressure is identi?ed and the 
actuation characteristic curve is corrected for the present 
operating point Ap. The actuating current value Ireact 
adjusted at time tmct=tdetecfc is taken into account as a 
correction value, said value '5 indicating the expected reac 
tion time of the system made up of inlet valve/Wheel brake. 
If the temperature of the hydraulic components is sensed, the 
dependence on temperature of the reaction time may be 
taken into consideration. The actuation characteristic curve 
I (Ap) is corrected by Way of the value of the actuating 
current Ireact adjusted at time treact preferably according to an 
adaption regulation in the form 

[0049] and the adaption rate A should be chosen from the 
interval (0, 1]. LoW values A cause a greater insensitivity to 
Wrong measurements, values A near 1 cause a quicker 
adaption of the stored actuation characteristic curve to the 
valve performance observed. In the formulation of the 
adaption regulation I(Ap)Old designates the value of the 
actuation characteristic curve I(Ap) in the present operating 
point Ap before the adaption is performed, While I(Ap)new 
refers to the value after the adaption. 

[0050] The invention method Was described in connection 
With an inlet valve used for pressure increase and operated 
by means of an electromagnetic drive actuatable by electric 
current. The described process may, hoWever, also be used 
With respect to an electromagnetically operable outlet valve 
used for pressure reduction. A corresponding simpli?ed 
illustration is shoWn in FIG. 3. The method can also be used 
in an analog manner in pressure control valves that are 
driven by means of a pieZoelectric drive. In this case the 
quantity in?uencing the actual performance of the pieZo 
electric valves is the voltage that is to be applied to the 
pieZoelectric drive. 

[0051] The second method of the invention basically 
involves loWering the actuation characteristic curve When 
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the control circuit has a performance that is stable at the 
limits. The method described is used to detect conditions of 
the pressure control circuit stable at the limits Which are 
caused by an actuation characteristic curve I(Ap) or U(Ap). 
Said method may also be used out of the above-mentioned 
pressure maintenance phase. The term ‘limit stability’ herein 
refers to a frequent alternation of actuation processes of the 
inlet and outlet valves at a constant, monotonously rising or 
monotonously falling nominal pressure. This behavior is 
connected to a Wheel brake pressure that sWings around the 
nominal pressure value. 

[0052] The detection of the situation described and the 
allocation for actuating the inlet and outlet valve is based on 
the folloWing fundamental idea: 

[0053] The frequency of the outlet valve actuation pro 
cesses at rising or constant nominal pressure value is an 
indicator of an excessive actuation of the inlet valve, While 
the frequency of the inlet valve actuation processes at falling 
or constant nominal pressure value is an indicator of an 
excessive actuation of the outlet valve. To utiliZe these 
correlations, phases of pressure increase and decrease Within 
the nominal pressure variation are classi?ed by Way of the 
time variation thereof, and the duration of the pressure 
increase phase is referred to by T- and the duration of the 

incr 

pressure reduction phase is referred to by Tred. 

[0054] The number (Nred) of the actuation processes of the 
outlet valve 27, 28 serving for pressure reduction is deter 
mined during a pressure increase phase (Tina). Accordingly, 
the number (Nine) of the actuation processes of the inlet 
valve 17, 18 serving for pressure increase is determined 
during a pressure reduction phase (TWQ. 

[0055] At the end of the respective phase the determined 
number Nred or Nincr of the actuation processes is compared 
With a maximum alloWed numerical value (Nred’k, N *), to 
Which the folloWing equations apply: 

incr 

[0056] fB designates a maximum alloWed actuation fre 
quency. The parameteriZable actuation frequency fB consid 
ers the fact that a certain number of oversWings or under 
sWings Will have to be expected, even With an ideal 
con?guration of the pressure controller. 

[0057] When the determined number Nred, Nincr of the 
actuation processes is above the maximum alloWed numeri 
cal value Nred’k, Nincf, this is explained by an excessive 
actuation of the inlet valve 17, 18 or outlet valve 27, 28 
serving for pressure increase or pressure reduction. 

[0058] When the algorithm described detects a limit sta 
bility of the pressure control circuit caused by an excessive 
actuation of an inlet or outlet valve, the actuation charac 
teristic curve I(Ap) memoriZed for the respective valve in the 
electronic control unit 32 is performed according to the 
folloWing adaption regulation: 

incr =fBITIed> Where 

I(Ap)“eW=I(Ap)°1d—AI. 
[0059] The pilot control characteristic curve is thus 
reduced by a prede?ned amount AI. I(Ap)Old refers to the 
value of the characteristic curve I (Ap) in the present 
operating point Ap before the execution of the adaption, 
While I(Ap)new designates the value after the adaption. 

[0060] In FIGS. 4 to 6, a pressure controller for imple 
menting the method of the invention is illustrated. The 
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illustrated pressure controller 40, Which is a component part 
of the above-mentioned electronic control unit 32, is fur 
nished With signals as input quantities that represent the 
nominal pressure value Pm, that shall be applied to one of 
the Wheel brakes 7,8, the actual pressure value Pact, that is 
applied to one of the Wheel brakes 7,8, as Well as the 
differential pressure Ap applied to the corresponding pres 
sure control valve. The output quantity of the pressure 
controller 40 represents the nominal value InOrn or UnOrn of 
the electric current to be supplied to the electromagnetically 
controllable pressure control valve or, respectively, the volt 
age to be applied to the pressure control valve that can be 
driven pieZoelectrically. 

[0061] The pressure controller illustrated in FIGS. 4 and 
6 is especially suited for implementing the ?rst method of 
the invention. As can be taken from the draWings, the 
above-mentioned pressure controller 40 generally comprises 
a linear controller 41, a pilot control module 42, and a 
correction module designated by reference numeral 45. As 
an input quantity of the linear controller 41, a deviation APR 
is used Which is produced in a subtractor 43 connected 
upstream of the linear controller 41 from the nominal 
pressure value PnOrn and the actual pressure value Pact, While 
in an adder 44 the output quantity Imm)V or Unom)V of the 
pilot control module 42 is added to the output quantity InomL 
or Unom’L of the linear controller 41. The above-mentioned 
signals Pact and AP are processed in the correction module 45 
to a correction quantity K1 in?uencing the behavior of the 
pilot control module 42 in the sense of the correction or 
adaption described hereinabove. The effect of the correction 
variable K1 is an adaption of the pilot control characteristic 
curve Imm)V or Unomy stored in the pilot control module 42 
to the valve performance observed, as is indicated by the 
vertically pointing arroW. As shoWs FIG. 6 by Way of the 
eXample of an electromagnetically controllable pressure 
control valve, the pilot control characteristic curve lnomy= 
f(Ap) is shifted ‘in an upWard direction’ by the value of the 
correction variable K1, i.e., to higher current values. 

[0062] The pressure controllers illustrated in FIG. 5 is 
especially Well suited for implementing the second method 
of the invention. As can be taken from the draWing, its 
design generally corresponds to the pressure controller 
described in connection With FIGS. 4 and 6. In its correc 
tion module 46, hoWever, the nominal pressure value Pnom, 
the actual pressure value Pact as Well as the differential 
pressure AP applied to the pressure control valve being 
identi?ed are processed to achieve a correction variable K2 
Which effects a reduction of the pilot control characteristic 
curve in case of need, as is indicated by the arroW pointing 
in a doWnWard direction. 

1. Method for controlling an electronically controllable 
brake actuating system for automotive vehicles, With a 
depressuriZed pressure medium supply reservoir (4), With at 
least one pressure source (20), Which can be controlled by an 
electronic control unit (32), said pressure source being used 
to apply pressure to the Wheel brakes (7,8,9,10) of the 
vehicle, With pressure sensors and pressure control valves 
(inlet valve 17,18; outlet valve 27,28) being associated With 
said Wheel brakes, said pressure control valves being con 
trollable in an analog manner by means of an electric 
variable in dependence on the differential pressure applied to 
them and connecting the Wheel brakes (7-10) to the pressure 
source (20) in a pressure increase phase, being closed or 
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becoming closed in a pressure maintenance phase and 
connecting the Wheel brakes (7-10) to the pressure medium 
supply reservoir (4) in a pressure reduction phase, 

characteriZed in that the electric variable in the pressure 
control valve (inlet valve 17, 18; outlet valve 27, 28) to 
be identi?ed is sloWly varied in the pressure mainte 
nance phase until a noticeable pressure variation takes 
place in the Wheel brake (7, 8) associated With said 
pressure control valve (inlet valve 17, 18; outlet valve 
27, 28), Whereupon the dependence of the electric 
variable on the differential pressure is corrected. 

2. Method as claimed in claim 1, 

characteriZed in that the pressure control valves (inlet 
valve 17, 18; outlet valve 27, 28) are designed as valves 
that are closed in their inactive condition, and in that 
the variation of the electric actuating variable is an 
increase based on a value that is beloW the value 
necessary for opening the pressure control valve (inlet 
valve 17, 18; outlet valve 27, 28). 

3. Method as claimed in claim 1, 

characteriZed in that the pressure control valves (outlet 
valve 27, 28) used for pressure reduction are designed 
as valves that are open in their inactive condition, and 
in that the variation of the electric actuation variable is 
a reduction based on a value that is above the value 
necessary for retaining the pressure control valve (out 
let valve 27, 28) in the closed condition. 

4. Method as claimed in any one of claims 1 to 3, 

characteriZed in that the variation of the electric variable 
occurs in de?ned driving situations. 

5. Method as claimed in any one of claims 1 to 3, 

characteriZed in that the variation of the electric variable 
occurs during vehicle standstill or in a de?ned range of 
the vehicle speed. 

6. Method as claimed in any one of claims 1 to 3, 

characteriZed in that the variation of the electric variable 
occurs at a loW variation speed of a braking pressure 
nominal value. 

7. Method as claimed in any one of claims 1 to 3, 

characteriZed in that the variation of the electric variable 
occurs after a minimum duration of the pressure main 
tenance phase. 

8. Method as claimed in any one of claims 1 to 7, 

characteriZed in that the variation of the electric actuation 
variable is discontinued When the difference betWeen 
nominal pressure and actual pressure leaves a prede 
termined tolerance range. 

9. Method as claimed in claim 8, 

characteriZed in that the limits of the tolerance range are 
?Xed in dependence on the vehicle speed. 

10. Method as claimed in any one of claims 1 to 9, 

characteriZed in that the pressure control valves (17, 18; 
27, 28) are designed as electromagnetically control 
lable valves, and in that the electric variable is an 
electric current (I) being supplied to the electromag 
netic drive. 

11. Method as claimed in any one of claims 1 to 9, 

characteriZed in that the pressure control valves are con 
?gured as pieZoelectrically controllable valves, and in 
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that the electric variable is an electric voltage (U) being 
applied to the piezoelectric drive. 

12. Method as claimed in any one of claims 1 to 11, 

characteriZed in that the pressure variation in the Wheel 
brake (7, 8) associated With the pressure control valve 
(17, 18) during the variation of the electric variable is 
observed cyclically in a time WindoW (TW) and the 
maximum pressure value is determined in each case 
Which, in turn, is taken into account for determining a 
detection threshold for the pressure change at the 
outlet of the pressure control valve (inlet valve 17, 18) 
used for pressure increase. 

13. Method as claimed in any one of claims 1 to 11, 

characteriZed in that the pressure variation in the Wheel 
brake (7, 8) associated With the pressure control valve 
(27, 28) during the variation of the electric variable is 
observed cyclically in a time WindoW (TW), and the 
minimum pressure value is determined in each case 
Which, in turn, is taken into account for determining a 
detection threshold for the pressure change at the 
inlet of the pressure control valve (outlet valve 27, 28) 
used for pressure reduction. 

14. Method as claimed in claim 12, 

characteriZed in that a detection threshold E in the Win 
doW i is de?ned according to the formula 

Where E is a process parameter taking into account valve 
leakage and malfunctions of the pressure sensor (30, 
31) sensing the pressure variation. 

15. Method as claimed in claim 14, 

characteriZed in that opening of the pressure control valve 
(inlet valve 17, 18) is inferred When the pressure value 
at the outlet of the pressure control valve (inlet valve 
17, 18) eXceeds the detection threshold in the time 
WindoW 

16. Method as claimed in claim 13, 

characteriZed in that a detection threshold E in the Win 
doW i is de?ned according to the formula 

Where E is a process parameter taking into account valve 
leakage and malfunctions of the pressure sensor (30, 
31) sensing the pressure variation. 

17. Method as claimed in claim 16, 

characteriZed in that opening of the pressure control valve 
(outlet valve 27, 28) is inferred When the pressure value 
at the inlet of the pressure control valve (outlet valve 
27, 28) drops beloW the detection threshold in the 
time WindoW 

18. Method as claimed in any one of claims 12 to 17, 

characteriZed in that at time (tdetect), When the pressure 
value at the outlet of the pressure control valve (inlet 
valve 17, 18) used for pressure increase or at the inlet 
of the pressure control valve (outlet valve 27, 28) used 
for pressure reduction eXceeds or falls beloW the detec 
tion threshold (E), a point of time is calculated accord 
ing to the formula 

treact=tdetect_1: 
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Where '5 designates the offset in time betWeen the reaction 
of the pressure control valve caused by the actuation 
and the detection of this reaction by Way of the change 
in pressure. 

19. Method as claimed in claim 18, 

characteriZed in that the offset in time ('5) is determined in 
dependence on a signal characteriZing the viscosity of 
the pressure medium. 

20. Method as claimed in any one of the preceding claims 
10 and 12 to 19, 

characteriZed in that the dependence of the actuating 
current I(Ap) on the differential pressure (Ap) is cor 
rected according to the formula 

Where Ireact designates the actuating current value corre 
sponding to the change in pressure in the Wheel brake 
(7, 8) associated With the pressure control valve (inlet 
valveO1d17, 18; outlet valve 27, 28) at time (tread), 
I(Ap) designates the value of the dependence of the 
actuating current I(Ap) on the differential pressure (Ap) 
in the present operating point (Ap) before the correction 
(adaption) is carried out, and I(Ap)new designates the 
value of the dependence of the actuating current I(Ap) 
on the differential pressure (Ap) after the correction 
(adaption) is carried out, and the adaption rate )L should 
be selected from the interval (0, 1]. 

21. Method as claimed in any one of the preceding claims 
11 to 19, 

characteriZed in that the dependence of the voltage U(Ap) 
being applied on the differential pressure (Ap) is cor 
rected according to the formula 

Where Ureact designates the actuating voltage value cor 
responding to the change in pressure in the Wheel brake 
associated With the pressure control valve at time 
(two), U(AP)Old designates the value of the dependence 
of the actuating voltage U(Ap) on the differential pres 
sure (Ap) in the present operating point (Ap) before the 
correction (adaption) is carried out, and U(Ap)neW 
designates the value of the dependence of the actuating 
voltage U(Ap) on the differential pressure (Ap) after the 
correction (adaption) is carried out, and the adaption 
rate )L shall be selected from the interval (0, 1]. 

22. Method for controlling an electronically controllable 
brake actuating system for automotive vehicles, With a 
depressuriZed pressure medium supply reservoir (4), With at 
least one pressure source (20) Which can be controlled by an 
electronic control unit (32), said pressure source being used 
to apply pressure to the Wheel brakes (7,8) of the vehicle, 
With pressure control valves (inlet valve 17,18; outlet valve 
27,28) being associated With said Wheel brakes, said pres 
sure control valves being controllable in an analog manner 
by means of an electric variable in dependence on the 
differential pressure applied to them and connecting the 
Wheel brakes (7,8) to the pressure source (20) in a pressure 
increase phase, being closed or becoming closed in a pres 
sure maintenance phase, and connecting the Wheel brakes (7, 
8) to the pressure medium supply reservoir (4) in a pressure 
reduction phase, 

characteriZed in that the frequency of the actuation pro 
cesses of the pressure control valves (inlet valve 17, 18; 
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outlet valve 27, 28) is determined and taken into 
consideration according to a nominal pressure variation 
to be controlled in the Wheel brakes (7, 8) for the 
correction (reduction) of the dependence of the electric 
variable (I, U) on the differential pressure (Ap). 

23. Method as claimed in claim 22, 

characteriZed in that the number (Nred) of the actuation 
processes of the pressure control valve (outlet valve 27, 
28) used for pressure reduction is determined during a 
pressure increase phase of the nominal pressure varia 
tion of the duration (Tina), and in that an excessive 
actuation of the pressure control valve (inlet valve 17, 
18) used for pressure increase is inferred from the 
exceeding of a threshold value. 

24. Method as claimed in claim 22, 

characteriZed in that the number (Nine) of the actuation 
processes of the pressure control valve (inlet valve 17, 
18) used for pressure increase is determined during a 
pressure reduction phase of the nominal pressure varia 
tion of the duration (Tina), and in that an excessive 
actuation of the pressure control valve (outlet valve 27, 
28) used for pressure reduction is inferred from the 
exceeding of a threshold value. 

25. Method as claimed in claim 23 or 24, 

characteriZed in that the number determined (Nred, Nina) 
is compared to a maximum alloWed numerical value 
(Nred’k, N *) that is produced according to the for 
mula 

incr 

Where fB is a maximum alloWed actuation frequency and 
Tine, Tred designates the duration of the phase of rise or 
fall of the pressure, and in that an excessive actuation 
of the pressure control valve (inlet valve 17, 18, outlet 
valve 27, 28) used for pressure increase or reduction is 
inferred from the exceeding of the maximum alloWed 
numerical value (Nred’k, Nincf) 

26. Method as claimed in claims 22 to 25, 

characteriZed in that the pressure control valves (17,18; 
27,28) are designed as electromagnetically controllable 
valves, and in that the electric variable is an electric 
current being supplied to the electromagnetic drive. 

27. Method as claimed in claims 22 to 25, 

characteriZed in that the pressure control valves are con 
?gured as pieZoelectrically controllable valves, and in 
that the electric variable is an electric voltage being 
applied to the pieZoelectric drive. 

28. Method as claimed in claims 25 and 26, 

characteriZed in that the correction of the dependence of 
the actuating current I(Ap) on the differential pressure 
(Ap) is carried out according to the formula 

Where I(Ap)Old designates the value of the dependence of 
the actuating current I(Ap) on the differential pressure 
(Ap) in the present operating point (Ap) before the 
correction (reduction) is carried out, and I(Ap)new des 
ignates the value of the dependence of the actuating 
current I(Ap) on the differential pressure (Ap) after the 
correction (reduction) is carried out. 
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29. Method as claimed in claims 25 and 27, 

characteriZed in that the correction of the dependence of 
the voltage U(Ap) to be applied on the differential 
pressure (Ap) is carried out according to the formula 

Where U(AP)Old designates the value of the dependence of 
the actuating voltage U(Ap) on the differential pressure 
(Ap) in the present operating point (Ap) before the 
correction (reduction) is carried out, and U(Ap)new 
designates the value of the dependence of the actuating 
voltage U(Ap) on the differential pressure (Ap) after the 
correction (reduction) is carried out. 

30. A control system for implementing the method for 
actuating an electronically controllable brake actuating sys 
tem as claimed in any one of the preceding claims, 

characteriZed in that a pressure controller (40) is provided 
to Which are sent, as input quantities, a nominal pres 
sure value (Pnom) that shall be applied to one of the 
Wheel brakes (7, 8) of the vehicle, an actual pressure 
value (Pact) that is applied to one of the Wheel brakes 
(7, 8) of the vehicle, as Well as the hydraulic differential 
pressure value (Ap) prevailing at the pressure control 
valve (17, 18; 27, 28) under revieW and having an 
output quantity that is the nominal value (Inorn or Unom) 
of the electric variable used to actuate the pressure 
control valve (17, 18; 27, 28), and in that there is 
provision of means (45, 46) for the correction (adap 
tion) of the dependence on the electric variable (I or U) 
on the differential pressure value (Ap). 

31. Control system as claimed in claim 30, 

characteriZed in that the pressure controller (40) com 
prises a linear controller (41), a pilot control module 
(42), and a correction module (45, 46), and the devia 
tion (APR) produced from the nominal pressure value 
(Pnom) and actual pressure value (Pact) is sent to the 
linear controller (41) as an input quantity, While a signal 
representative of the hydraulic differential pressure 
(Ap) prevailing at the pressure control valve (17, 18; 
27, 28) under revieW is sent to the pilot control module 
(42), With said pilot control module (42) generating a 
pilot control value (lnomy; Unomy) of the electric 
variable (I, U) used to actuate the pressure control valve 
(17, 18; 27, 28) that corresponds to the opening point 
of the pressure control valve (17, 18; 27, 28) and is 
added to the output quantity (InOmL; UnOmL) of the 
linear controller (41) for producing the nominal value 
(1mm; Unom) of the electric variable used to actuate the 
pressure control valve (17, 18; 27, 28), and With the 
actual pressure value (Pact) and the differential pressure 
(Ap) prevailing at the pressure control valve (being 
identi?ed) under revieW being sent as input quantities 
to the correction module (45, 46) and the output quan 
tity (K1,K2) in?uencing the performance of the pilot 
control module (42). 

32. Control system as claimed in claim 31 for implement 
ing the method for actuating an electronically controllable 
brake actuating system as claimed in any one of claims 1 to 
21, 

characteriZed in that the output quantity (K1) of the 
correction module (45) is de?ned as a difference: 

K1=I(Ap)“eW—I(Ap Q“ or 

K1=U(AP)‘“W-UMP)“1 
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Where I(Ap)Old or U(Ap)Old designates the value of the characterized in that the nominal pressure value (Pnom) is 
dependence Of the electric aCtllatiOn Variable I(Ap) 0r additionally sent as an input quantity to the correction 
UMP) on the dlfferentlal Pressure (AP) 1n the Present module (46), and in that its output quantity K2=—AI is 
operating point (Ap) before the correction (adaption) is 
carried out, and I(Ap)new or U(Ap)new designates the 
value of the dependence of the electric actuation vari 
able I(Ap) or U(Ap) on the differential pressure (Ap) 
after the correction (adaption) is carried out. 

33. Control system as claimed in claim 31 for implement 
ing the method for actuating an electronically controllable exceeded 
brake actuating system as claimed in any one of claims 18 
to 24, * * * * * 

derived from the comparison of the detected number of 
the actuation processes (Nred, Nina) With a maximum 
alloWed numerical value (Nred’k, Nincf), and the depen 
dence of the electric variable is reduced When the 
maXimum alloWed numerical value (NIed*,NincI*) iS 


